Introduction: Selenium (Se) is an antioxidant and reactive oxygen species (ROS) scavenger. Objectives: This study was conducted to evaluate the effects of Se on renal functional parameters, oxidative stress biomarkers, myeloperoxidase (MPO) activity, and the nitric oxide (NO) level in renal ischemia-reperfusion (IR) injury in rats. Materials and Methods: Twenty-four male Wistar rats (180-200 g) were selected and subsequently divided into three groups (n=8); group 1 as the control group, group 2 as the untreated group (IR without treatment) and group 3 as the IR group (treated with Se (1 mg/kg/d, intraperitoneally). The period of Se administration was 2 weeks before the inducing renal IR. To cause renal IR, renal pedicles were occluded by safe clamps for 45 minutes. Then, the clamps were removed and 24 hours was considered as reperfusion. After the study, blood sampling from the hearts and the removal of the left kidney was conducted immediately for biochemical measurements. Results: Renal IR significantly increased serum levels of urea, creatinine (Cr), serum and renal malondialdehyde (MDA) levels, serum NO level, and MPO activity. It significantly decreased serum and renal glutathione (GSH) levels, serum paraoxonase 1 activity, serum and renal activities of catalase (CAT), and glutathione peroxidase (GPx). Se could reverse these findings, but the increase of paraoxonase 1 activity and the decrease of MPO activity in IR animals were not significant. Conclusion: It seems that Se has protective effects on inflammatory indices. It can ameliorate renal IR complications which are associated with oxidative stress and inflammation.
Introduction
Ischemic condition arises from declined blood supply and can lead to diminished oxygen and nutrient delivery to cells. This phenomenon causes cell damage by producing toxic metabolites and reducing cellular energy. Other circumstances, such as free radical generation especially reactive oxygen species (ROS) and inflammation that can play a role in cell damage, are initiated by the reperfusion of blood flow to the ischemic organ. Various clinical situations are related to ischemia-reperfusion injury (IRI) such as peripheral vascular disease and stroke (1) . Renal IRI (RIRI) is a common event which occurs during a series of conditions such as nephrectomy, hypovolemic shock and repair of suprarenal aneurism. It has been proven that RIRI is the major reason for acute kidney injury (AKI) and it is associated with the increase of morbidity and mortality. Different hypothesis proposed some factors which are involved in the pathogenesis of RIRI including ROS generation, inflammatory cytokines, leukocytes activation and chemokines (2) . Nonetheless, ROS production has the most critical role in the occurrence of RIRI among these mechanisms. ROS has a crucial role in cell damage caused by IR (3) . Therefore, the administration of antioxidants as a useful therapeutic solution can play a vital role in the treatment of RIRI. One of these antioxidants is selenium (Se). Se is recognized as a requirement trace element which displays various biological roles in the body including the contribution as the cofactor of selenoproteins, ROS scavenging, thyroid hormone production and anti-inflammatory effects. Se is plentifully found in seafood, meat products, and cereals. Several studies have been showed that the lack of Se in the body can participate in the pathogenesis of some disorders for example cancer, and metabolic diseases (4, 5) . Recently, the role of the kidney has been demonstrated in Se metabolism because of the synthesis of various selenoproteins such as glutathione peroxidase (GPx) in the kidney. There is a significant correlation between the decreased level of Se and defects in selenoproteins. Today, it is proposed that chronic diseases can be reduced by using Se supplements (6) .
Objectives
The objectives of this study were to evaluate of Se effects on antioxidant and inflammatory indices in RIRI in rats. Animals and study design 24 adult male Wistar rats weighing 180-200 g were acquired from the Razi herbal medicine research center of the Lorestan University of Medical Sciences. Then, they were accustomed for one week in laboratory condition. Organized access to food and water were made for the rats. Appropriate temperature (22℃) and a 12-hour light and 12-hour dark cycle condition were prepared for the rats. Finally, the rats were categorized haphazardly into three groups (n=8) as follows: Group1; Control group (without IR). Group2; Untreated group (IR without treatment). Group3; Treated group (treated with Se 1 mg/kg) by intraperitoneally (i.p.) injection together with 45 minutes ischemia and 24 hours reperfusion). The period of Se administration was 2 weeks before the initiation of renal IR.
Materials and Methods

Chemicals
Surgical procedure
After the treatment period (2 weeks) with Se, the rats received ketamine (75 mg/kg) and xylazine (8 mg/kg) intraperitoneally (i.p.) to anesthetize. After that, the rats were prepared for the operation with shaving and disinfecting the abdominal area. Then, the surgical procedure was initiated by the development of an abdominal incision. To develop ischemia, the left and right kidney arteries were obstructed by using clamps for 45 minutes. After 45 minutes, the vessels were opened again and the renal blood flow was re-established. The reperfusion step was continued for 24 hours. Then, blood samples were prepared from the animal hearts and their serums were taken. Additionally, the removal of the left kidney was done immediately and homogenized for further biochemical analysis.
The determination of renal functional parameters
Urea and creatinine
The measurement of renal functional parameters including urea and creatinine (Cr) in the serum samples were performed by a biochemical autoanalyzer (Olympus AU-600, Tokyo, Japan). Commercial kits were used in this measurement.
Lipid peroxidation measurement
Malondialdehyde Malondialdehyde (MDA), as lipid peroxidation (LPO) index, was measured by the thiobarbituric acid (TBA) method. The absorbance measurement was done spectrophotometrically at 540 nm wavelength. MDA concentration was shown as nM MDA/mg-pr (7).
The evaluation of oxidative stress and inflammation biomarkers Glutathione Serum and renal GSH levels were measured by spectrophotometer (Tokyo, Japan) at 412 nm wavelength, based on the Ellman method (8). The GSH levels were indicated as nM/mg-pr.
Catalase
Catalase (CAT) activity in serum and kidney was measured by the Sinha method (9). The reaction began by adding up sample (20 μL) in 30 mM hydrogen peroxide (2 mL) in 50 mM potassium phosphate buffer (pH 7.0). Enzyme units are shown as mmol/L of utilized H2O2 per min g or mL.
Glutathione peroxidase Serum and renal GPx activities were determined in accordance with our previous study (10) .
Myeloperoxidase measurement
Serum myeloperoxidase (MPO) activities were determined in accordance with our previous study (11) .
Nitric oxide measurement
The measurement of nitric oxide (NO) level in the serum samples was performed by the evaluation of nitrite as the end product of NO. Nitrite evaluation was done based on the method of Giustarini et al (12) .
Paraoxonase 1 measurement
Serum paraoxonase 1 (PON1) activities were determined in accordance with our previous study (13) .
Ethical issues
All of the experimental protocols were conducted in accordance with the manuals of the Animal Ethics Committee of the Lorestan University of Medical Sciences. Additionally, all experimental protocols and steps of the tests were conducted in compliance with the regulations of the Research Ethics Committee of our university and Iranian Ethical Guidelines for the use of animals in research. Additionally all animal experiments were in accordance with protocols approved by the United States National Institutes of Health (NIH, 1978) .
Statistical analysis
The results were expressed as mean ± SD. The MannWhitney test was performed, as the basic test, by using the SPSS software version 21 to identify group differences. Significance was considered statistically at P value < 0.05.
Results
The effect of Se on the serum levels of Cr and urea in RIR rats
The level of Cr in serum is demonstrated in Figure 1 . The level of serum Cr significantly increased in untreated IR rats compared with the control group (1.31 ± 0.121 versus 1.25 ± 0.12 mg/dL, P = 0.01). Se could significantly inhibit the increase of serum Cr level in the treatment group compared with the untreated IR group (1.15 ± 0.10 versus 1.31 ± 0.121 mg/dL; P = 0.02). The level of urea in serum is demonstrated in Figure 2 . The level of serum urea significantly increased in the untreated IR group compared with the control group (101.25 ± 6.14 versus 87.3 ± 7.21 mg/dL; P = 0.01). The level of serum urea in the treated group was significantly less than that of the untreated IR group (91.7 ± 8.68 versus 101.25 ± 6.14 mg/dL; P = 0.04).
The effect of Se on serum and renal MDA levels in RIR rats
The level of MDA in serum is indicated in Table 1 .
The level of serum MDA significantly enhanced in the untreated IR group compared with the control group (53 ± 4.34 versus 23.5 ± 2.18 nM/mg-pr; P = 0.01). The level of the serum MDA significantly reduced in the treated group compared with the untreated IR group (35 ± 2.97 versus 53 ± 4.34 nM/mg-pr; P = 0.04). The level of MDA in the kidney is indicated in Table 2 . The level of renal MDA significantly increased in the untreated IR group compared with the control group (76.6 ± 6.41 versus 36.0 ± 3.38 nM/mg-pr; P = 0.02). The level of renal MDA significantly decreased in the treated group compared with the untreated IR group (48.7 ± 4.12 versus 76.6 ± 6.41 nM/mg-pr; P = 0.03).
The effect of Se on serum and renal GSH levels in RIR rats
The level of GSH in serum is demonstrated in Table 1 . The level of serum GSH significantly decreased in the untreated IR group compared with the control group (5.41 ± 0.45 versus 11.3 ± 1.0 nM/mg-pr; P = 0.02). The level of serum GSH significantly increased in the treated group compared with the untreated IR group (9.2 ± 0.86 versus 5.41 ± 0.45 nM/mg-pr; P = 0.04). The level of GSH in the kidney is demonstrated in Table  2 . The level of kidney GSH significantly reduced in the untreated IR group compared with the control group (6.2 ± 0.59 versus 10.7 ±1.5 nM/mg-pr; P = 0.01). Se could significantly increase the renal GSH level in the treated group in comparison to the untreated IR group (9.7 ± 0.87 versus 6.2 ± 0.59 nM/mg-pr; P = 0.03).
The effect of Se on serum and renal CAT activities in RIR rats Serum CAT activity is indicated in Table 1 . Serum CAT activity in the IR group was significantly lower than that of the control group (58.1 ± 4.61 versus 140.5 ± 13.84 U/mg protein; P = 0.03). Se could significantly increase serum CAT activity in the treated group compared to the untreated IR group (126.8 ± 11.84 versus 58.1 ± 4.61 U/ mg protein; P = 0.04). Serum CAT activity in the IR group treated with Se was similar to the control group. Renal CAT activity is demonstrated in Table 2 . Renal CAT activity significantly reduced in the untreated IR group compared with the control group (113.4 ± 9.97 versus 148.1 ± 13.82 U/mg protein; P = 0.03). Renal CAT activity in the IR group treated with Se was significantly more than that of the IR group (147.6 ± 12.694 versus 113.4 ± 9.97 U/mg protein; P = 0.03). It was similar to renal CAT activity in the control group.
The effect of Se on serum and renal activities of GPX in RIR rats
Serum and renal GPX activities are respectively demonstrated in Tables 1 and 2 . The serum GPX activity in the IR group was significantly lower than that of the control group (251.6 ± 32.73 versus 428.83 ± 41.22 U/ mg protein; P = 0.03). Se could significantly enhance the serum GPX activity in the treated IR group compared with the untreated IR group (420.3 ± 40.22 versus 251.6 ± 23.73 U/mg protein; P = 0.04). The GPX activity in the serum of the IR group treated with Se was approximately similar to the GPX activity in the control group. Renal GPX activity in the IR group was significantly lower than that of the control group (428.7 ± 40.2 versus 596.3 ± 57.23 U/mg protein; P = 0.02). Se could significantly increase renal GPX activity in the treated group in comparison to the untreated IR group (528.1 ± 51.42 versus 428.7 ± 40.2 U/mg protein; P = 0.01). Renal GPX activity in the IR group treated with Se was approximately similar to the control group.
The effect of Se on the serum activity of PON 1in RIR rats
The serum PON1 activity is demonstrated in Table 1 . The serum PON1 activity in the IR group was significantly lower than that of the control group (10.37 ± 3.38 versus 40.34 ± 19.51 U/mg protein; P = 0.001). The PON1 activity in the serum of the treated group was more than that of the untreated IR group (19.92 ± 14.91 versus 10.37 ± 3.38 U/mg protein; P = 0.23), but it was not statistically significant.
The effect of Se on the serum activity of MPO in RIR rats
The level of MPO in the serum is demonstrated in Figure 3 . The serum MPO activity in the IR group was significantly more than that of the control group (89.57 ± 17.88 versus 56.75 ± 18.87 U/mg protein; P = 0.017). Se could reduce the MPO activity in the serum of the treated group compared with the untreated IR group (74.20 ± 29.02 versus 89.57 ± 17.88 U/mg protein; P = 0.2), but this change was not statistically significant.
The effect of Se on the serum NO level in RIR rats
The level of NO in the serum is demonstrated in Figure  4 . The level of serum NO significantly increased in the untreated IR group compared with the control group (3.00 ± 0.96 versus 1.80 ± 0.52 nmol/dL; P = 0.007). Se could significantly decrease the level of serum NO in the treated group compared with the untreated IR group (1.95 ± 0.39 versus 3.00 ± 0.96 nmol/dL; P = 0.015). The serum level of NO in the treatment group was similar to the control group.
Discussion
RIRI is the major reason for AKI. Oxidative stress and inflammation are factors that create RIRI. Among these factors, oxidative stress particularly ROS plays a more important role than other factors in renal IR pathogenesis (1-3) . Hence, the administration of antioxidants is considered as a therapeutic solution in order to protect organs against free radicals.
The effect of Se on serum urea and Cr
Our results indicated that the levels of serum Cr and urea significantly increased in untreated IR rats compared with control rats. Se could significantly inhibit the increase of serum Cr and urea levels in the treatment group compared with the untreated IR group. A related study showed that curcumin could play an effective role in the reduction of renal IR damage via the significant decrease of urea level (14) . Garlic oil was another treatment that its application significantly decreased Cr and urea levels (15) . Aqueous garlic extract was also used for RIRI treatment and has similar effects on Cr and urea levels (16) . It can be guessed that the reduction of renal function parameters in the serum may be due to antioxidant properties of Se because other researches demonstrated that natural antioxidants such as α-tocopherol (17) and oxytocin (18) showed similar effects on Cr and urea levels. Hence, the administration of antioxidants such as Se with protective effects on renal functional parameters can ameliorate renal IR which induces renal functional damage.
The effect of Se on serum and renal LPO
Other results of our study showed that the levels of serum and renal MDA significantly enhanced in the untreated IR group compared with the control group. The levels of the serum and renal MDA significantly reduced in the treated group compared with the untreated IR group. MDA was measured as an LPO marker in this study. Various treatments were used in different studies that improved the increase of MDA level. Some of them are melatonin (19) , oxytocin (18) , curcumin (14) , aqueous garlic extract (16) . Previous studies revealed that Se could inhibit LPO in vivo (7) . Our treatment could reduce significantly the serum and renal MDA levels similar to previous studies. Therefore, the use of natural antioxidants with beneficial effects on MDA can prevent or be helpful in decreasing complications that are associated with oxidative stress in RIRI.
The effect of Se on antioxidant enzyme activities and GSH level
The activities of GPX and CAT in serum and kidney, serum PON1 activity, serum and renal GSH levels significantly decreased in the untreated IR group compared with the control group. The treatment of animals with Se could increase the activities of GPX and CAT in serum and kidney, serum and renal GSH levels in the treated group compared with the untreated IR group. Serum PON1 activity also increased in the treated group, but it was not significant. The activities of CAT, GPX are used for the evaluation of antioxidant status. PON1 is an antioxidant enzyme that inhibits oxidative modification of LDL (Ox-LDL) and plays the main role in most of antioxidative activity that has been attributed to HDL (20) . In various studied, other treatments including sitagliptin (21) , curcumin (14) , silymarin (22) , and coenzyme Q10 (23) could exert protective effects on antioxidant defense system. A recent study also indicated that Se could improve the activities of antioxidant enzymes in vivo (24) . Our results are similar to other researches which showed the beneficial effects of natural antioxidants on the antioxidant defense system. Hence, the utilization of natural antioxidants which can increase the activities of antioxidant enzymes and GSH level can inhibit or ameliorate the complications of renal IR which induces oxidative stress.
The effect of Se on serum NO level and MPO activity
The serum MPO activity in the untreated group was significantly more than that of the control group. Se could reduce the MPO activity in the serum of the treated group compared with the untreated IR group, but it was not statistically significant. Se could decrease MPO activity in the treatment group in a way that its activity was not significantly different from MPO activity in the control group (P > 0.05). MPO is a heme protein that is released by neutrophils. It plays a role in inflammation and oxidative stress processes. MPO is recognized as a marker of neutrophil infiltration and accumulation (25) . Several reports have been suggested various antioxidant treatments for improving the MPO activity (16, 18, 21) . A previous study showed that Se could reduce MPO activity in vivo (26) . Other part of our study showed Se could significantly decrease the level of serum NO in the treated group compared with the untreated IR group. NO reacts with superoxide radicals. Peroxynitrite, a cellular oxidant, is produced in this reaction (27) . Antioxidants including the combination of Se and vitamin E (28), curcumin (14) , and sitagliptin (21) could improve NO level in pathological conditions. It has been demonstrated that Se could ameliorate NO level in vivo (24) . Our results are similar to other researches which indicated the beneficial effect of natural antioxidants on MPO activity and NO level. Thus the use of antioxidants such as Se can ameliorate the complications of renal IR which are associated with oxidative stress and inflammation. In summary, our study and other researches showed that natural antioxidants have beneficial effects on antioxidant and inflammatory indices in renal IR injuries. On the other hand, natural antioxidants do not have side effects. Thus, we suggest that Se, as natural antioxidant, with protective effects on renal IR injuries must be considered as a helpful therapeutic strategy for RIR complications.
Conclusion
Se could improve renal function markers, LPO, the activities of antioxidant enzymes, GSH, NO, and MPO activity in renal IR rats. Therefore, Se, as a good antioxidant, can ameliorate renal IR complications which are associated with oxidative stress and inflammation.
